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ABSTRACT 

A study was conducted to determine the rate of sedimentation and nutrients at coral reef area in Talang-Talang 
Island from July 2011 to April 2012. The sedimentation rates were determined by setting up sedimentation traps 

at three selected stations and water samples were collected at four selected stations within the coral reef area. The 

sediments collected were analysed to determine particle size while water samples were collected to analyse total 

suspended solids (TSS) and nutrients. The mean sedimentation rates ranged from 5.35 - 13.95 mg/cm²/day in 

November 2011 and from 77.78 - 136.27 mg/cm²/day in April 2012. The mean concentration of TSS ranged from 

21.62±4.74 to 27.07±3.33 mg/l. Analysis on the composition of sediment shows that the percentage of sand 

ranged from 24.61 to 52.79 %, silt ranged from 44.88 to 68.20 % and clay ranged from 2.33 to 24.67 %. Mean 

concentration of orthophosphate, nitrate-N and ammonia-N ranged from 0.02 – 0.09 mg/l, 0.01 - 2.90 mg/l and 

0.45 – 1.23 mg/l respectively. Sedimentation rates at Talang-Talang Island exceeded the natural sedimentation 

rates especially at Station 2. High sedimentation rates and nutrients concentration were influenced by 

environmental factors and human activities but they affected the growth, reproduction and metabolism of corals.  

Keywords: Talang-Talang Island, coral reef, sedimentation rate, nutrients. 

ABSTRAK 

Kajian ini adalah untuk menentukan kadar sedimentasi dan nutrien di kawasan terumbu karang Pulau Talang-

Talang dari bulan Julai 2011 hingga bulan April 2012. Kadar sedimentasi diperolehi dengan menempatkan 

perangkap sedimentasi di tiga stesen yang ditetapkan dan sampel air diambil di empat stesen dalam kawasan 

terumbu karang. Sampel sedimen yang dikumpul dianalisis taburan saiz partikelnya manakala sampel air 
digunakan untuk menganalisis jumlah pepejal terampai dan nutrien. Purata kadar sedimentasi berjulat di antara 

5.35 ke 13.95 mg/cm²/hari pada bulan Julai 2011 dan 77.78 ke 136.27 mg/cm²/hari pada bulan April 2012. 

Purata bagi jumlah pepejal terampai berjulat di antara 21.62±4.74 ke 27.07±3.33 mg/l. Peratusan taburan saiz 

partikel sedimen bagi pasir berjulat di antara 24.61 ke 52.79 %, kelodak adalah di antara 44.88 ke 68.20 % dan 

tanah liat adalah di antara 2.33 ke 24.67 %. Purata kepekatan bagi ortofosfat, nitrat dan ammonia adalah di 

antara 0.02 - 0.09 mg/l, 0.01 – 2.90 mg/l dan 0.45 – 1.23 mg/l masing-masing. Kadar sedimentasi di Pulau 

Talang-Talang melebihi tahap semulajadi terutamanya di Stesen 2. Kadar sedimentasi dan nutrien yang tinggi 

adalah dipengaruhi oleh keadaan alam sekitar dan aktiviti manusia tetapi ia boleh mempengaruhi pertumbuhan, 

pembiakan dan metabolisme terumbu karang.    

Kata kunci: Pulau Talang-Talang, terumbu karang, kadar sedimentasi, nutrien. 
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1.0 Introduction 

Coral reef health is a major problem worldwide which is caused by anthropogenic 

activities and natural processes. Therefore, the health of coral system has progressively 

declined throughout the tropical and subtropical world. 

Coral reef plays an important ecological, economic and recreational along with the 

mangroves and seagrass habitats. Unfortunately, these habitats are degrading rapidly because 

of coastal development and the anthropogenic pressures. The degradation of coral reef habitats 

can be minimized by the reduction of human-induced disturbance and more to the way in 

conservation and management to sustain coral reef habitats. In order to manage the coral reef 

health problem, the major cause must be determined especially sedimentation.   

The rate of sedimentation is directly proportional with the total suspended solids (TSS), 

means that increased of the TSS contents, the higher the sedimentation rate. Sedimentation 

controls reef development via its influence on both sediment deposition and suspended 

sediment (Wolanski, 2001). The sediment deposition and suspended sediment affect the coral 

community structure differently. For example, the recovery time for different species of adult 

coral colonies covered by sediments is totally different depends on disturbance characteristic, 

geological characteristic, reef characteristic, connectivity and anthropogenic influences 

(Graham et al., 2010). 

Sedimentation is among the important factors that determine coral abundance, growth and 

distribution (Badcock & Davies, 1991). Decrease of coral abundances, changes coral growth 

forms to a more branching habitat and decrease species diversity is also affected by high 

turbidity and sedimentation in water. Besides that, the levels of colony, population and 
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community may be manifested from the effects of sedimentation on growth and productivity 

of coral reefs. According to Riegl and Brance (1995), sedimentation also affects coral 

metabolism by decreasing photosynthetic production and increasing relative respiration. TSS 

and turbidity are related, both water turbidity (visibility) and sediments deposited showed 

significant relationship with the total richness of coral reef abundance. This is because the 

water turbidity affects the penetration of light into water for the growth of coral. 

Corals are able to live in low nutrient concentration of water. Actually, the limited 

nutrients are used by zooxanthellae for photosynthesis and the products are translocated to the 

host coral tissue (Dubinsky & Jokiel, 1994; Dubinsky & Berman-Frank, 2001). Host coral 

tissue utilizes the translocated products for respiration, tissue growth and reproduction 

(Tanaka et al., 2010). So, the growth and productivity of corals will be influenced by the level 

of nutrients content in the water especially nitrate, phosphate and ammonia. If there were 

excess nutrients in coral reef area, the growth rate of algae will increased to become turf algae 

or crustose coralline algae. It will be covered over corals and competed for spaces or 

substrates within the coral reef area. The major ways of nutrient loading into water are sewage 

discharge, sediment loading and agricultural activities that are caused by human activities. The 

availability of nutrients is also a factor that will affect the overall activities of coral reef.   
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The objectives of this study were:  

(1) To determine the rate of sedimentation and total suspended solids in the  

       water column from three sites in the coral reef area at the Talang-Talang Island  

(2) To determine the nutrients content in the water column in the coral reef area at        

       Talang-Talang Island, and 

(3) To determine the composition and the particle sizes of the sediments collected from the    

       coral reef area of Talang-Talang Island. 
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2.0 Literature Review 

2.1 Coral Reef in Talang-Talang Island 

Talang-Satang National Park comprises the coastline and sea surrounding four islands 

at the southwest coast of Sarawak. The four islands included Pulau Talang Besar, Pulau 

Talang Kecil, Pulau Satang Besar and Pulau Satang Kecil. Coral reef ecosystem in Talang-

Talang Island consists of a variety of flora and fauna where corals form the dominant 

components. The dominant genera of corals are Favia, Acropora, Porites, Favites, Millepora, 

Echinopora, Diploastrea and Sarcophyton (Pilcher & Cabanban, 2000).  

Coral polyps on each coral secrete a calcium carbonate exoskeleton around them and 

construct hard corals by precipitating calcium ions from the seawater (Mass et al., 2012). In 

addition to corals, coralline algae also produce limestone skeletons and the formation is the 

results from the availability of calcium ions and dissolved inorganic carbon in the coral reef 

area. The coral reef is in the warm waters of tropical sea that optimally have temperatures 

between 26 °C and 27 °C. The shallow waters allow sufficient light penetration for the 

zooxanthellae to photosynthesize.  

Coral reefs act as a natural protection between the open seas and coastlines by 

preventing coastal erosion. Furthermore, there is increasing evidence of the potential of reefs 

to act as good indicators of coastal pollution, as they are sensitive to changes in their ambient 

environment. However, the coral reef in Talang-Talang Island is declining because of high 

sedimentation rate, tourist pressure (scuba diving) and human development (Pilcher & 

Cabanban, 2000). Human development on the coastal area caused the soil erosion and 

sedimentation is expected to increase the turbidity of the water in Talang-Talang Island. Not 
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only that, coral reef ecosystem is also affected by the terrestrial runoff of nutrients and other 

pollutant. 

2.2 Relationship between Sedimentation Rate and Coral Reefs 

Sedimentation is the tendency for particles in suspension to settle out of the fluid and 

come to rest against a barrier. Normally, the rate of sedimentation is influenced by gravity 

flow which is dependent on the grain size of the sediments and water currents which will 

cause the sediment re-suspend in the water column (Wolanski, 2001). The water currents may 

increase the sediment to re-suspend by agitation of sediments at the bottom. The characteristic 

of sediment such as size and source is also an important factor which may affect the 

sedimentation rate (Begin & Cote, 2009). Sedimentation is the major impact on the health of 

coral reef and can be determined by the role of human activities. Sediment eroded from land 

as a result of both natural processes and human activities can pose a serious threat to coral reef 

health by (1) reducing the area of sea floor suitable for growth of new coral, (2) creating 

cloudy or turbid water that diminishes the amount of light available for photosynthesis by 

symbiotic algae that live within individual coral animals, and (3) in extreme cases, burying 

coral colonies (USGS Pacific Coral Reefs Website, 2008). For example, the storm impact in St. 

Lucian in 1994 showed that thick sediments deposits caused by storm buried and killed up to 

50% of corals in the affected area (Roberts et al., 2003).  

The primary threats to reefs in Malaysia are sedimentation and sand mining while the 

most notable threat to the survival of the corals of the Talang-Talang Island is also the high  

sediment loading in the waters that originates from effluent of the Batang Kayan, Sampadi 

River, Sibu Laut and Sarawal River (Pilcher & Cabanban, 2000). Most of the rocks and dead 
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corals in Talang-Talang Island are covered with sediments. Excessive sedimentation can 

adversely affect the structure and function of the coral reef ecosystem by altering both 

physical and biological processes (Rogers, 1990). The normal sedimentation rate for reefs not 

subject to stresses from human activities is < 1 to 10 mg/cm²/h (Rogers, 1990). Based on the 

result obtained by Yap (2009), sedimentation rates at Satang Island ranged from 6.907 

mg/cm²/ h to 20.471 mg/cm²/ h. This showed that the sedimentation rate in Satang Island is 

higher compared to the normal sedimentation rates. The high sedimentation rate is due to the 

construction activities in mainland at the coastal area and may cause the destruction of the 

coral reef at Satang Island (Yap, 2009). 

2.3 Effects of Sedimentation Rates on Coral Reefs  

Some effects of high sedimentation on coral reef distribution based on the hypothesis 

from Rogers (1990) are: 

i. Low in species diversity and growth rate and low in live coral cover, 

ii. Greater abundance of coral species that are restricted to high sedimentation and 

low light penetration, 

iii. An upward shift in depth zonation, and 

iv. Greater abundance of branching coral. 

Besides that, sedimentation and suspended solids in the water column affected coral 

population and community structure by smothering adults with the sediments, reducing the 

light availability for photosynthesis or increasing the need for active sediment removal (Reigl 

& Branch, 1995). The metabolism and growth rate of corals are affected because the diversion 

of energy used to remove the sediment particles covered on it (Rogers, 1990). When the adults 
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are covered by a layer of sediment, the coral larvae cannot successfully settle or survive on a 

hard substrate. So, the chances for coral recruitment will be decreased. Rogers (1990) also 

claimed that high exposure of sediments on coral will disrupt the normal pattern of polyp 

expansion and retraction, morphological changes and lower the density of zooxanthellae.  This 

normally leads to death of coral after a numbers of hours if they were buried by sediments but 

they have mechanisms to cope by using their tentacles and cilia in the active and passive phase 

of cleaning process (Rogers, 1990). Besides that, corals will depend on the water current to 

remove sediment particles from settling on its surface.  

2.4 Relationship between Total Suspended Solids (TSS) and Coral Reefs 

The term total suspended solids refer to matter suspended or dissolved in water or 

wastewater and it is related to both specific conductance and turbidity. TSS is the solids in 

water that can be trapped by a filter such as silt, decaying plant and animal matter,  

industrial wastes and sewage. The normal suspended solids concentration for reefs not 

subjected to stresses from human activities is < 10 mg/l. The factors that affect TSS are high 

flow rates of the water and soil erosion at the coastal area. Sedimentation causes an increase in 

turbidity, so it blocks light from reaching to photosynthesizing zooxanthellae that live 

symbiotically with the coral. Not only that, algae bloom in water column caused by 

eutrophication also increased the TSS value. The increases in the density of suspended 

phytoplankton also reduced the light penetration into water. Therefore, photosynthesis of 

zooxanthellae is slowed down or inhibited. As a result, the growth of the coral reef will be 

affected.  
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2.5 Effects of Nutrients on Coral Reefs   

Besides the sedimentation rate and TSS, the terrestrial runoff of nutrients and other 

pollutants also affected the coral reef ecosystem which is concerned by over 100 nations 

(ISRS, 2004). Nutrient contents included dissolved organic matter and inorganic matter but the 

major nutrients that affect coral are phosphate, nitrate and ammonium. Coral reefs have 

developed in tropical and subtropical area, which are surrounded by oligotrophic seawater or 

intolerant to high nutrient level of water (Tanaka, 2011). The concentrations of inorganic 

nutrients in coral reef waters are typically 0.014 - 0.0014 mg/l
 
dissolved inorganic nitrogen (N) 

and 0.0048 - 0.0285 mg/l
 
for dissolved inorganic phosphate (P) (Atkinson & Falter, 2003). 

Dissolved nutrients play an important role in the overall productivity of coral reefs but they 

have effect on coral growth and community such as the changes in metabolism, density of the 

zooxanthellae, decreased in skeleton and misshaped aragonite structure when the level of 

nutrient is higher than normal in the water (Stambler et al., 1991). 

Under nutrient enrichment, the release rate of zooxanthellae from the coral colony is 

increased. This showed that the photosynthetic products synthesized in the presence of 

inorganic nutrients were utilized more for algal growth than for host tissue growth (Stimson & 

Kinze, 1991). So, when the nutrient availability is increased, the growth of algae also 

increased. As a result, the algae have potential to compete for space (substrate) with coral 

larvae for settlement and may overgrow on the coral with thick turf algae or crustose coralline 

algae. Excess nutrient in seawater also caused algal bloom that will block the sunlight to 

penetrate into bottom of the water for the zooxanthellae on coral to undergo photosynthesis. 

Besides that, great diversity contaminants or pollutants which may be caused by the 

agrochemicals, heavy metals and other industrial pollutants and exposure on coral reefs caused 
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the photosynthesis activities in the water column even in low concentration (a few parts per 

billion) (ISRS, 2004). For example, the application of photosynthesis inhibit herbicides 

effectively suppress photosynthesis in corals, seagrass and other photosynthetic organisms 

(ISRS, 2004). 

Normally, the sources of the nutrients are from sewage discharge, sediment loading, 

agriculture and logging caused by human activities. The coral reefs that are close to shore will 

be affected. During the sediments loading, the nutrients are also loaded at the same time 

because of the solubilization of nutrients or organic matter in the sediment by bacteria (Tanaka 

et al., 2011). So, the nutrients content in the water is affected by sedimentation. Sometimes, 

the upwelling process will transport large amount of nutrients to the coral reef area and caused 

algal bloom. Although nutrient enrichment is the major factor in the decline of coral reefs, but 

when compared to sedimentation and global warming, it only plays a secondary role. 

2.6 Adaptation and Recovery of Corals after Sediments Stress 

 High in sedimentation rate at coral reef area will caused mortality for almost all coral 

species. However, some species may still survive and adapt to high sedimentation rates which 

are the branching coral species (Rogers, 1990). Besides that, some other species of coral are 

characteristically found in areas with high rates of sedimentation which are Montastrea 

cavernosa, Diploria strigosa and Siderrastrea siderea (Rogers, 1990). These species of corals 

are effective in clearing sediment which is important for their ability to colonize the area 

where it is high in sedimentation. From the study of Wesseling et al. (1999), Porites corals 

survived quite well in 6 hours of short-term burial but when it is buried in longer periods 

which are 20 and 68 hours, it resulted in increased areas with discoloration, bleached tissues 
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and bared skeleton after removal the burying sand. After a month, Porites corals were 

recovered completely. For the Acropora, the whole colony is death and cannot be recovered 

after burial for 20 hours and resulted in permanent loss of coral taxa from reefs when 

subjected to high sedimentation (Wesseling et al., 1999).  
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3.0 Materials and Methods 

3.1 Sampling Location 

Sedimentation traps were set up at three stations (Station 1, 2 and 3) around the area of 

Talang-Talang Island, Sarawak (Figure 1) on July 2011 and November 2011. These sites are at 

Batu Penyu, Pulau Talang Besar and Pulau Talang Kecil. At the same time, sediment grab 

samples were collected on July 2011, November 2011 and April 2012. Water samples were 

also collected for analyses of total suspended solids and nutrients at four stations which are 

Station 1, Station 2, Station 3 and Station 4. The coordinate for each station was recorded by 

using Garmin GPSMAP
®
 as shown in Table 1 and the depth and transparency of each station 

was taken by using SPEEDTECH Depth Sounder and secchi disc respectively. 

Table 1: Coordinate of four stations in Talang-Talang Island. 

Station Location Coordinate 

1 Batu Penyu 1˚ 52’ 41.0 N, 109˚ 45’ 35.3 E 

2 Pulau Talang Besar 1˚ 54’ 57.4 N, 109˚ 46’ 27.9 E 

3 Pulau Talang Besar 1˚ 55’ 03.3 N, 109˚ 46’ 47.8 E 

4 Pulau Talang Kecil 1˚ 53’ 46.1 N, 109˚ 46’ 01.2 E 
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3.2 Sedimentation Traps Set Up 

 

Three sedimentation traps were set up at each of the selected sites around the Talang-

Talang Island coral reef area and Batu Penyu. The sedimentation trap is made up of PVC pipe 

and sampling plastic bottles which only have one opening at the end of the pipe (Figure 2). 

Each of the traps has a radius of 4.5 cm and 5.0 cm for the traps on July 2011 and November 

2011 respectively. Each station has three sedimentation traps and they were tied together with 

spike. The three sedimentation traps represent replicates of sediment sample. The 

sedimentation traps were set up on July 2011 and November 2011. After four months, the 

sediment traps from each site were taken up to collect the sediment. A new sedimentation 

 

Figure 1: Map showing the location of Talang-Talang Island and Batu Penyu and the  

                location of the sampling stations. 

South China Sea 



14 

 

traps were set up again at the same location. The sediment samples collected were transferred 

to laboratory for further analysis. 

                                            

 

3.3 Water Samples Collection for TSS and Nutrient Analysis 

Water samples were collected from four selected sites which are at the exact location 

where the sedimentation traps were set. Water samples were collected from three different 

depths, which are surface (S), middle (M), and bottom (B) by using Van Dorn horizontal water 

sampler. The water samples were kept in 1000 mL of plastic bottle. The water samples for 

nutrient analysis were kept in acid washed bottles and kept inside cooler box fixed with ice 

blocks. Then, the water samples were transferred to laboratory for further analysis. The water 

samples for nutrient analysis were stored in freezer at -20 °C which were analysed the next 

day. 

 

 

Figure 2: Opening of the sedimentation traps.  Figure 3: Sedimentation traps used for   

                sedimentation study. 
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3.4 Sediment Samples Collection for Particle Sizes Analysis 

Sediment samples were collected from three selected sites which are near the location 

where the sediment traps are set up. Sediment samples were collected at selected area up to a 

depth of 10 cm and kept in plastic bag for further analysis in laboratory.  

3.5 Experimental Procedures 

3.5.1 Sediment Samples Analysis 

The sediments collected in the sediment trap from Talang-Talang Island were air dried 

for a few days. After that, the dry weight of the sediment (g) was taken for the sedimentation 

rate calculation. 

The formula to calculate the sedimentation rate is as below:  

         Rate of sedimentation (mg/cm
2
/d)  

         = weight of sediment (mg) / r
2
 / numbers of days deployed 

         where r
2
 = opening area of the sediment trap (cm

2
) 

3.5.2 Water Samples Analysis for TSS 

Total suspended solids (TSS) present in water samples were analysed according to 

APHA (1998). One liter of water samples were filtered through a dried and pre-weight glass 

fibre filter paper (GF/C 47mm diameter) and the pre-weight filter paper were recorded as 

initial reading in gram (g). After filtration, the filtered paper was dried by using oven at 105 ˚C 

for overnight. The next day, dry weight of filtered paper (g) which is the final reading was 

taken and used for TSS calculation. 

 


